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(54) Artificial ventilation system 

(57) An artificial ventilation system and a method for 
controlling the artificial ventilation system for obtaining 
an optimized artificial ventilation of a lung system of a 
patient is described. Optimal artificial ventilation is 
obtained when the blood system of the patient is maxi- 
mally oxygenated and. at the same time, the negative 
influence on the cardio-pulmonary system is minimized. 
The ventilation system comprises a gas delivery unit (2) 
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for delivering controllable inspiration pulses to a patient 
(4). a monitoring unit (14) for measuring at least one 
parameter related to the function of the lung system, 
such as a blood gas analyser, and a control unit for 
determining an optimal peak inspiratory pressure and 
pressure amplitude for the inspiration pulse based on 
the measured blood gas parameter. 



2A 



3B . 



2C 



10 



2 

7^ 



ooonn* 
oo oUUf 



iL 



22 



4J 

UH 25 



FIG 1 



o 

CM 
CO 

CO 
lO 

o 

LU 



Primed by RanK Xerox (UK) Suslness Sorviras 
2.13.13/34 



EP 0 753 320 A1 



24 



cies treated (human or animal), age (neonatal, infant, 
child, adult) and kind of illness. In the most straightfor- 
ward realisation of the artificial ventilation system 
according to the invention, it could be adapted to auto- 
matically treat at least 90-99% of all adults, and require 
overriding settings from a physician in the remaining 
cases (before they too can be treated automatically). 

Claims 
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An Artificial ventilation system comprising a respi- 
ratory gas delivery unit (2), connectable to a lung 
system of a living being (4) for generating and deliv- 
ering controllable inspiration pulses (78) of respira- 
tory gas to the lung system, a regulating unit (8) 
connected to the respiratory gas delivery unit (2) for 
controlling the generation and delivery of Inspiration 
pulses (78; 116A-116F; 146A-146F) based on a 
control signal supplied to the regulating unit (8). a 
monitoring unit (14.1 4 A-1 4F) for measuring at least 
one parameter related to the function of the iung 
system and a control unit (22) connected to the 
monitoring unit (14. 14A-14F) for determining a 
change in an inspiration pulse parameter, charac- 
terized In that the monitoring unit (14, 14A-14F) 
comprises a blood gas analyser (1 4A) connected to 
the blood system of the living being (4) for measur- 
ing a blood gas parameter and the control unit (22) 
determines an optimal peak inspiratory pressure 
(PIP) and pressure amplitude for the controllable 
inspiration pulse (78: 116A-116F; 146A-146F) 
based on the measured blood gas parameter, 
which optimal peak inspiratory pressure (PIP) and 
pressure amplitude are intended to provide a suffi- 
cient oxygenation of the blood system with a mini- 
mum of negative cardio-pulmonary influence, such 
as barotrauma, volutrauma. overdistension and 
hypoxic vasoconstriction. 

Ventilation system according to claim 1 , character- 
ized in that the blood gas analyser (14A) measures 
the partial pressure of oxygen (PaOa) in the blood 
system and the control unit (22) determines a mini- 
mum peak inspiratory pressure (PIP) and pressure 
amplitude, for which the measured P^^z exceeds a 
predetermined Pa02 threshold value. 

I. Ventilation system according to claim 1 or 2, char- 
acterized In that the monitoring unit (14. 14A-14F) 
further comprises a flow meter (14B) for measuring 
the flow (O) of respiratory gas to and/or from the 
lung system and the control unit (22) determines 
one or s^eral of the inspiration pulse parameters: 
external positive end expiratory pressure (PEEPe). 
respiration rate (RR) and inspiration/expiration time 
ratio (l:E ratio). 

4. Ventilation system according to claim 3, character- 
ized In that the control unit determines an end 
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expiratory flow {<P^^ and a peak en>rat0fy iVM* 
(cT>pe) and determines an optimal respration rate 
(RR) and/or an optimal inspiration/expiration tnrye 
ratio (l:E ratio) based on the quotierrt l>€tween the 
determined end expiratory flow (<^EE) 
expiratory flow (4>pe)- 

i. Ventilation system according to any of the above 
claims, characterized by a monitor saeen (16. 18) 
connected to the monitoring unit (14. 14A-UF) for 
displaying measured parameters and/or connected 
to the control unH (22) for displaying determined 
inspiration pulse parameters. 

5. Ventilation system according to any of the alxjve 
claims, characterized In that the control unit (22) 
generates the control signal based on the deter- 
mined change in the inspiration pulse parameter. 

7. Ventilation system according to any of the above 
claims, characterized by a control panel (10) con- 
nected to the regulating unit (8) for providing a fur- 
ther control signal based on a manually entered 
setting of ventilation modes and/or inspiration pulse 
parameters, whereby a further setting on the con- 
trol panel (10) determines whether the control sig- 
nal or the further control signal has precedence. 

8. Ventilation system according to any of the above 
claims, characterized In that the control unit (22) 
determines an opening pressure (Po) of the lung 
system. 

9 Ventilation system according to claim 8. character- 
ized in that the control unit (22) determines a clos- 
ing pressure (PJ of the lung system. 

10 Ventilation system according to any of the above 
claims, characterized In that the blood gas ana- 
lyser (1 4A) measures the partial pressure of carbon 
dioxide (PaC02) in the blood system. 

11. Ventilation system according to any of the above 
claims, characterized In that the monitoring unit 
(14. 14A-14F) comprises a COg-meter (14E) for 
measuring the COg content of expired respiratory 
gas and the control unit (22) determines any or sev- 
eral of the C02-parameters: end tidal CO2. CO2 
minute production. CO2 tidal production, ineffective 
tidal volume, effective tidal volume and effective 
ventilation. 

12 Ventilation system according to claim 10 or 11, 
characterized In that the control unit (22) at prede- 
termined intervals determines whether hypoventila- 
tion is present. 

13. Ventilation system according to claim 12. charac- 
terized in that, when hypoventilation is present, the 
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control unit (22) deter mi nes^hange in the peak 
inspiratory pressure (PIP) and/or the dead space 
(DS) of the artff icral ventilation system for removing 
the hypoventilation condition. 
• 

14. Ventilation system according to any of the claims 
10-13, characterized In that the control unit at pre- 
determined intervals determines whether hyper- 
ventilation is present. 
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Ventilation system according to claim 14. charac- 
terized In that, when hyperventilation is present, 
the control unit determines a change in the peak 
inspiratory pressure (PIP) and/or the positive end 
expiratory pressure (PEEP) and/or the dead space 
(DS) of the artificial ventilation system and/or the 
respiratory rate for removing the hyperventilation 
condition. 



16. Ventilation system according to any of the above 
claims, characterized in that the monitoring unit 
(14. 14A-14F) comprises a blood pressure meter 
(14D) for measuring a blood pressure of the blood 
system and the control unit (22) at predetermined 
intervals determines whether cardiovascular 
depression is present, and if cardiovascular 
depression is present, the control unit (22) will gen- 
erate a cardiovascular depression signal, which 
cardiovascular depression signal preferably can be 
utilized for generating an audible/visual alarm 
and/or for controlling an inspiration pulse parame- 
ter. 
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17. Ventilation system according to any of the above 
claims, characterized In that the control unit (22) 35 
determines a new inspiration pulse parameter by 
rteratively changing the inspiration pulse parameter 
and monitoring the effect in the measured parame- 
ter(s) after a predetermined number of inspiration 
pulses, having the new inspiration pulse parameter. 4o 
have been delivered to the lung system. 

18. Method for controlling an artificial ventilation sys- 
tem, connectable to the lung system of a living 
being, characterized by the steps of: 45 

a) determining an optimal ratio between inspi- 
ration time and expiration time (l:E ratio); 

b) determining an optimal respiration rate (RR); 

c) determining an opening pressure (P^) of the so 
lung system; 

d) determining a closing pressure (P^) of the 21. 
lung system: 

e) at intervals order a monitoring of the condi- 
tion of the lung and. if necessary determine a 55 
change in an inspiration pulse delivered to the 
lung system; 

f) ordering a change in the inspiration pulse for 
provoking spontaneous respiration. 
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19- Method according to claim 18. characterized In 
that step a) comprises the following sub-steps: 

a1) reading a current l:E ratio; 
a2) measuring an end expiratory flow (^ee): 
a3) measuring a peak expiratory flow {<i>p^\ 
a4) calculating a EEPk<J>-ratio between the 
measured end expiratory flow (<t>^^ and the 
peak expiratory flow {^p^\ 
a5) comparing the calculated EEPk<I>-ratio with 
a predetermined first EEPk<I>-threshold value; 
a6) if the calculated EEPk<I)-ratio exceeds the 
first EEPkcl>threshold value, determining the 
current l:E ratio as the optimal l;E ratio; 
a?) if the calculated EEPk<J>-ratio does not 
exceed the first EEPkO-threshold value, com- 
paring the current l:E ratio with a predeter- 
mined maximum l:E ratio; 
a8) if the current I:E ratio exceeds the predeter- 
mined maximum l:E ratio, determining the cur- 
rent l:E ratio as the optimum l:E ratio; 
a9) if the current l:E ratio does not exceed the 
predetermined maximum l:E ratio, comparing 
the current l:E ratio with a predetermined l:E 
ratio threshold; 

alO) if the current l:E ratio exceeds the prede- 
termined I:E ratio threshold, calculating a new 
l:E ratio, which is equal to the difference 
between the first EEPkcI>-threshold value minus 
the calculated EEPk<I>-ratio and the current l:E 
ratio and repeating the procedure from sub- 
step a1); 

a1 1) if the current i:E ratio does not exceed the 
predetermined l;E ratio threshold, comparing 
the calculated EEPk<Ivratio ratio with a second 
EEPkcI>-threshold value; 
a12) if the calculated EEPk^-ratio exceeds the 
second EEPk<I>-threshold value, setting a new 
l:E ratio to be equal to the maximum l:E ratio 
and repeating the procedure from sub-step a 1); 
a13) if the calculated EEPk<>ratio does not 
exceed the second EEPk^threshoId value, 
determining the current l:E ratio as the opti- 
mum l:E ratio. 

Method according to claim 19. characterized In 
that the first EEPk<t»-threshold value is between 30 
and 40, the second EEPk<I>-threshold value is 
between 10 and 20 and the l:E ratio threshold is 
preferably between 60 and 80%. 

Method according to any of the claims 18-20, char- 
acterized In that step b) comprises the ^following 
sub-steps: 

b1) reading a current respiration rate (RR); 
b2) measuring an end expiratory flow (<I>ee): 
b3) measuring a peak expiratory flow (4>pe); 
b4) calculating a EEPkct>-ratio between the 



14 




EP 0 753 320 A1 



measured end expiratory flow i^^^) and the 
peak expiratory flow (4>pe); 
b5) comparing the calculated EEPkcl>ratio with 
a predetermined first EEPkct>-threshoId value; 
b6) if the calculated EEPkc^-ratio exceeds the 5 
first EEPk<J>-threshold value, determining the 
current respiration rate (RR) as the optimal res- 
piration rate; 

b7) if the calculated EEPk<l>-ratio does not 
exceed the first EEPka>-threshold value, com- to 
paring the current respiration rate (RR) with a 
predetermined maximum respiration rate; 
b8) if the current respiration rate (RR) exceeds 
the predetermined maximum respiration rate, 
determining the current respiration rate (RR) as is 
the optimum respiration rate; 
b9) if the current respiration rate (RR) does not 
exceed the predetermined maximum respira- 
tion rate, comparing the calculated EEPk<^- 
ratio with a second EEPk^threshold value; 20 
b10) if the calculated EEPk^-ratio exceeds the 
second EEPk<J>-threshold value, conparing the 
calculated EEPkcI>-ratio with a third EEPk^ 
threshold value; 

b1 1) if the calculated EEPkcI>-ratio exceeds the 25 
third EEPk<3>-threshold value, determining a 
new respiration rate (RR) to be equal to the 
current respiration rate (RR) multiplied by a first 
factor and repeating the procedure from sub- 
step b1); 

b12) if the calculated EEPkO-ratio does not 
exceed the third EEPk^threshold value, deter- 
mining a new respiration rate (RR) to be equal 
to the current respiration rate (RR) multiplied by 
a second factor and repeating the procedure 35 
from sub-step b1); 

b13) if the calculated EEPk<E>-ratio does not 
exceed the second EEPk^-threshold value, 
determining a new respiration rate (RR) to be 
equal to the current respiration rate (RR) muiti- 4o 
plied by a third factor and repeating the proce- 
dure from sub-step b1). 

22. Method according to claim 21. characterized in 
that the first EEPk^^threshold value is 40, the sec- 45 
ond EEPk4>-threshold value is 20. the third EEPk^ 
threshold value is 30. the first factor is 1.2, the sec- 
ond factor Is 1 .5 and the third factor is 2. 

23. Method according to any of the claims 1 8-22. char- so 
acterized In that step c) comprises the following 
sub-steps: 

c1) obtaining the lean body weight of the living 
being; 

c2) delivering a predetermined number of inspi- 
ration pulses having a current peak inspiratory 
pressure (PIP) and a current positive end expir- 
atory pressure (PEEP); 
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c3) measuring the partial pressure of oxygen 
(PaOz) in a blood system of the living being; 
c4) comparing the measured P^02 with a pre- 
determined Pap2 threshold value; 
c5) if the measured Pa02 exceeds the prede- 
termined Pa02 threshold value, determining 
the PIP as the opening pressure (Pq) and stor- 
ing the determined opening pressure (PJ and 
current PEEP; 

c6) if the measured PJD2 does not exceed the 
predetermined P^pz threshold value, measur- 
ing an inspiration flow (O) to the living being, 
determining a tidal volume (VJ of supplied res- 
piratory gas, calculating a quotient between the 
determined tidal volume (VJ and the lean body 
weight and comparing calculated quotient with 
a predetermined Vj threshold value; 
c7) if the calculated quotient exceeds the pre- 
determined Vt threshold value, measuring a 
carbon dioxide content (C02 content) and com- 
paring the measured C02 content with a pre- 
determined C02 content threshold value; 
c8) if the calculated quotient does not exceed 
the predetermined Vi threshold value or if the 
measured C02 content exceeds the predeter- 
mined C02 content threshold value, comparing 
the current PIP with a predetermined maximum 
PIP value; 

c9) if the current PIP does not exceed the max- 
imum PIP value, setting a new current PIP to 
be equal to the current PIP plus a first predeter- 
mined increment and repeating the procedure 
from substep c2); 

clO) if the measured C02 content does not 
exceed the predetermined C02 content thresh- 
old value, measuring the intrinsic positive end 
expiratory pressure (PEEPj) and comparing it 
with a predetermined maximum PEEP, value; 
c11) if the measured PEEPj does not exceed 
the predetermined maximum PEEPj value, 
comparing the current PIP with the maximum 
PIP value: 

cl2) if the current PIP does not exceed the pre- 
determined maximum PIP value, setting a new 
current PIP to be equal to the cun-ent PIP plus 
a second predetermined increment, setting a 
new cun-ent PEEP to t>e equal to the current 
PEEP plus a third predetermined increment 
and repeating the procedure from substep c2); 
c13) if the cun-ent PIP exceeds the predeter- 
mined maximum PIP value, comparing the cur- 
rent PEEP with a predetermined maximum 
PEEP value; 

cl4) if the current PEEP does not exceed the 
predetermined maximum PEEP value, setting 
a new current PEEP to be equal to the current 
PEEP plus a fourth predetermined increment 
and repeating the procedure from substep c2); 
c15) if the current PEEP exceeds the predeter- 
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mined maximumTfEP value, or if the PEEP- in 
substep CIO) exceeds the predetermined mic- 
•mum PEEPj value, or if the current PIP in sub- 
step c8) exceeds the predetermined maximum 
PIP value, determining whether a new maxi- 
mum PIP value, a new maximum PEEP, value 
or a new maximum PEEPj value should be 
allowed; 

C16) if new maxima are not allowed, determin- 

(Po) and stonng the determined opening pres- 
sure (PJ and current PEEP; 
c16) if new maxima are alleged, setting these 
and repeating the procedure from substep c2). 

^^T!T '° "^^'"^ 23. characterized fn 

that the predetermined V, threshold value is prefer- 

incr'emT,''"o' ""^ ' Predetermined 
■ incremfn " 'o''""^^- '^"^ Predetermined 
ncreml " o »''^^ Predetermined 

^crement rs 2 cmH^O and the fourth predeter- 
mmed increment is 2 cmHgO. 
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25. Method according to any of the claims 18-24 char- 
su'^sleps:'" 



d1) delivering a predetermined number of 
.nsp,rat.on pulses having a current peak inspir- 
atory pressure (PIP) and a current positiveTnd 
expiratory pressure (PEEP); 
d2) measuring pressure in or near the lung sys- 
tem, respiratory gas flow, partial pressure of 
oxygen (P^Oj) in the blood system and a C02 
content, either in expired air or in the blood sys- 

d3) comparing the measured P^Oj with a pre- 
determined P^Oz threshold value- 
d4)if the measured P.O^ does not exceed the 
predetermined P^Og threshold value, deler- 
rnming the current PIP as the dosing pressure 
(Pc) and storing the determined closing pres- 
sure (P,) and current PEEP- 
d5) if the measured P,0, does not exceed the 
f'aUz threshold value, comparing the C02 con- 
tent IS compared with a first predetermined 
CO2 content threshold value- 

t?r!J' *2 S^' ^^"^s «rst prede- 

DarTnnt value com- 

paring the current PIP with a predetermined 
minimum PIP value; '^'minea 

d7} if the current f^lP exceeds the predeter- 
mined minimum PIP value, determining the 
tidal volume (VJ and comparing it with a prede- 
termined V, threshold value; 
dS) if the determined tidal volume (VJ does not 
exceed the predetermined V, threshold value 
comparing the CO2 content with a second pre- 
determined C02 content threshold value- 
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d9) if the determined tidal volume (VJ exceeds 
the predetermined V, threshold value or K the 
C02 content does not exceed the second pre- 
determined CO2 threshold value, comparing 
the current PIP with a first PIP threshold value 
dIO) if the current PIP exceeds the first PIP 
threshofd value, setting a new current PIP to be 
equal to the current PIP minus a first predeter- 
mined decrement and repeating the procedure 
from substep d1); 

611) if the current PIP does not exceed the first 
PIP threshold value, comparing the current PIP 
with a second PIP threshold value- 
d12) if the current PIP exceeds the second pre- 
determined PIP threshold value, setting a new 
current PIP to be equal to the current PIP 
minus a second predetermined decrement and 
repeating the procedure from substep d1)- 
d13) rf the current PIP does not exceed the 
second predetermined PIP threshold value 
comparing the current PIP with a predeter- 
mined minimum PIP value; 
d14) if the current PIP exceeds the predeter- 
min^ minimum PIP value, setting a new cur- 
rent PIP to be equal to the current PIP minus a 
third predetermined deaement and repeating 
the procedure from substep d 1 ) ; 
d15) if the current PIP does not exceed the pre- 
determined minimum PIP value, or if the CO, 
content in substep d5) exceeds the first prede- 
termined COs threshold value, or if the current 
PIP in substep d6) does not exceed the prede- 
termined minimum PIP value, or if the CO, 
content ^ceeds the second predetermined 
CO2 threshold value, comparing the CO, con- 
tent with a third threshold value; 
d16) if the COz content exceeds the third CO, 
threshold value, comparing the current PEEP 
with a predetermined minimum PEEP value- 
d17) if the current PEEP exceeds the predeter- 
mined minimum PEEP value, setting a new 
current PEEP to be equal to the current PEEP 
minus a fourth decrement and repeating the 
procedure from substep d1); 
d18) if the current PEEP does not exceed the 
predetermined minimum PEEP value or if the 
COj content does not exceed the third CO, 
content threshold value, determining whether a 
ne^ minimum PIP value, or a new minimum 
PEEP value can be allowed; 
d19) if new minimum values are allowed set- 
ting the new minimum values and repeating the 
procedure from substep d1); 
d20) if new minimum values are not allowed 
determining the current PIP as the closing 
pressure (PJ and storing the determined clos 
ing pressure (PJ and current PEER 

26. Method according to claim 25, characterized in 



35 



40 



16 



3lj^A EP 0 753 320 A1 



10 



that the predetermined V, threshold value is prefer- 
ably between 5 arxj 7 ml/kg, the first predetermined 
PIP threshold value is preferably between 30 and 
45 cmH20, the second predetermined PIP thresh- 
old value is preferably between 20 and 30 cmH20, 
the first predetermined decrement is 3 cmH20, the 
second predetermined decrement is 2 cmH20, the 
third predetermined decrement is 1 cmH20 and the 
fourth predetermined decrement is 2 cmH20. 

27. Method according to any of the claims 18-26. char- 
acterized In that step e) comprises the following 
sub-steps: 

el) measuring pressure, CO2 content. Pa02 is 
and blood pressure; 

e2) comparing measured Pa02 with a predeter- 
mined Pa02 threshold; 

e3) if the measured Pa02 does not exceed the 
predetermined Pa02 threshold value, repeating 20 
steps c) and d); 

e4) if the measured Pa02 exceeds the Pa02 
threshold, comparing the CO2 content with a 
first predetermined CO2 threshold value; 
e5) if the CO2 content exceeds the first prede- 25 
termined CO2 threshold value, altering the set- 
tings for respiratory rate (BR), positive end 
expiratory pressure (PEEP), peak inspiratory 
pressure (PIP) and/or dead space (DS) until 
the measured CO2 content no longer exceeds 30 
the first predetermined CO2 threshold value: 
e6) if the CO2 content does not exceed the first 
predetermined CO2 threshold value, compar- 
ing the CO2 content with a second predeter- 
mined CO2 threshold value; 35 
e7) if the CO2 content exceeds the second pre- 
determined CO2 threshold value, altering the 
settings of dead space (DS) and/or peak inspir- 
atory pressure (PIP) until the CO2 content does 
not exceed the second predetermined CO2 ^0 
threshold value or until maximum/minimum val- 
ues for dead space and PIP are reached; 
e8) if the CO2 content does not exceed the sec- 
ond predetermined CO2 threshold value, com- 
paring the blood pressure with a 45 
predetermined blood pressure interval; 
e9) if the measured blood pressure falls within 
the predetermined blood pressure Interval, 
ending step e); 

e10) If the blood pressure falls outside the pre- so 
determined blood pressure interval, generating 
an alarm. 
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